Fatty acid profiles of backfat (BF), intermuscular fat (IMF), kidney pelvic heart (KPH) fat and tail fat (TF) depots from 15-mo old Angus cross steers finished on grass (GS; n = 18) were compared to those finished on a grain diet (GN ; n = 14) to examine how diet and fat depot impacts fatty acid composition. GS steers grazed an average of 10 months (mo) on ryegrass and white clover irrigated pasture and GN finished steers were a corn based finishing diet for 4 mo. Overall, fat from GS steers contained higher percentages of C6:0 (P = 0.008), C12:0 (P = 0.003), C14:0 (P = 0.001), C16:0 (P = 0.002), C18:3 (P = 0.008), C20:0 (P < 0.001), C18:1 trans9 (P = 0.004), C18:2 cis9 cis12 (P < 0.001) and C18:2 trans9 trans12 (P < 0.001) than GN steers. Fat from GN steers contained higher percentages of C18:0 (P < 0.001). For both GS and GN steers, C18:0 content was higher in the KPH and IMF compared to BF and TF (P = 0.015) depots and C18:1 cis9 content was lower in KPH compared to BF and TF depots (P < 0.001). Therefore, fatty acid composition differs due to diet and differs across depots. Manipulating diets and source of fat (depot) could be used as strategies to modify the fatty acid composition of meat products to increase health benefits to consumers.
Introduction
Adipose tissue is not uniform in fatty acid composition across different depots such as backfat (BF), intermuscular fat (IMF), tail fat (TF), and kidney, pelvic and heart fat (KPH; Pethick et al., 2004) . This non uniformity has potentially important implications when examining which depots could be incorporated into meat products such as ground beef (Turk & Smith, 2009 ). According to Nicklas et al. (2004) , the fatty acid composition of ground beef is an extremely important source of fatty acids to America's diet and can change with age, diet and breed of cattle.
Since fatty acid composition is affected by diet, it is important to understand how fatty acid composition changes across different fat depots in steers fed different diets. Depending on which fat depot is sampled, fatty acid composition could be very different. This difference could have important health implications for which fat depot is added to ground beef as fatty acid composition from some fat depots may be healthier. Why fatty acid composition is different among fat depots is still unclear but adipose tissue turnover rates probably play a role in determining fatty acid composition (Frayn et al., 2006) .
From previous studies comparing fatty acid composition in grass and grain finished cattle, it is known that the fatty acid composition of grass finished cattle is higher in conjugated linoleic acid (CLA) and omega-3 fatty acids than grain finished cattle (Daley et al., 2010) . In ruminant animals, dietary fat is modified by rumen microbes through biohydrogenation which increases saturated fatty acids (SFA) content of adipose tissue. The saturation process can become incomplete when diets high in unsaturated fats are fed or rumen microbial metabolism is compromised. For instance, grasses contain more linolenic acid (C18:3) compared to grains therefore adipose tissue from grass finished steers contain greater concentrations of C18:3 (Leheska et al., 2008) . Therefore, the goal of this research is to examine how diet affects fatty acid composition by determining if finishing Angus cross steers on grass or high grain diets alters fatty acid composition of BF, IMF, KPH and TF.
Method
All procedures involving steers were approved by the Animal Care and Use Committee of the University of California, Davis.
Animals and Diet
Third-two Angus cross steers (approximately 15 mo of age) were obtained from a local ranch (Yolo Land and Cattle Company, Yolo County, California, USA). Steers were randomly assigned between two dietary treatments: grain finish (GN) or grass finish (GS). Initially, sixteen steers were transported to the University of California-Davis feedlot, however two of the steers did not adapt to the feedlot diet and were re-allocated to GS treatment. Therefore, 18 steers were kept on pasture and 14 steers in the feedlot. None of the steers were treated with growth promotants or ionophores. GN steers were fed a finishing ration of 80% cracked corn on a DM basis (Table 1) . GS steers grazed for 10 mo on average (range from 5 to 18 mo) on irrigated pasture of ryegrass (Lolium multiflorum) and white clover (Trifolium repens). Dietary metabolizable energy values were calculated using the NRC Nutrient Requirements of Beef Cattle (1996) equations. Ultrasound measurements were taken using a SONOVET 2000 (Universal Medical Systems Inc., Bedford Hills, NY) 81 with a 3.5-MHz 17-cm linear array transducer to assess intramuscular fat content of the Longissimus dorsi muscle (LM) between the 12 th and 13 th rib. Slaughter point was reached when steers achieved a minimum of 3.1% intramuscular fat assessed using ultrasound.
Sample Collection
Four distinct regions were sampled: BF over the 9-11 th rib, KPH, IMF and TF. Twenty four hours after slaughter, BF, KPH, and TF samples were collected from chilled carcasses. Two weeks post-slaughter, IMF samples were collected at the 9-11 th rib regions of the right side of the carcasses. Samples were placed in polyethylene plastic bags and stored at -80 °C for fatty acid extraction and gas chromatography analysis of fatty acid methyl esters (FAME).
Fatty Acid Analysis
with modifications as follows. Using glass graduated pipets, 20 mg of the extracted fat was aliquoted into a Teflon-lined, screw-cap glass culture tube. The solvent was evaporated under a stream of nitrogen at 60 °C followed by a 1.0 ml wash of isooctane (2,2,4 trimethylpentane), which was also evaporated under nitrogen at 60 °C. A 2.0-ml aliquot of isooctane was added to the culture tube and vortex. FAME were formed by the addition of 100 μl of 3 M potassium hydroxide, vortex, and allowed to stand at room temperature for 10 min. Esters were washed and separated by the addition of 2.0 ml of saturated NaCl and 8.5 ml of deionized water. Tubes were shaken with a Burell wrist action shaker for 10 min, centrifuged at 1500 rpm for 5 min to separate the methyl esters in the upper solvent layer and then aliquoted into 2.0-ml gas chromatography auto sampler vials. Restek ® FAME standards (C6:0 to C24:1 cis15) were used for identification of individual fat depot's FAMEs. The ester mixture was analyzed using two stainless steel capillary columns, a Restek MXT ® Wax 15 m, 0.53 mmID, 0.5 μmdf and a Restek MXT ® -500SimDist 15m, 0.53mmID, 0.15μm df. Helium was used as the carrier gas with a linear flow rate set at 27 cm/s with a column head pressure of 33 psi. A SRI 8310C gas chromatograph equipped with an EST Cobra auto-injector injected 1.0 μL of sample. Injector and detector temperatures were set at 260 °C, and the column temperature was programmed at 80 °C for 2 min and then increased to 200 °C at a rate of 3 °C/min. A flame-ionization detector with a signal range of one was used. Peak areas and heights of methyl esters were quantified and integrated using the Peaksimple Data System (SRI, Los Angeles, CA). All samples were run in duplicate and samples that deviated 5% from each other were repeated. A C17:0 fatty acid was used as control for recovery percentage. Therefore each unknown sample received an aliquot of C17:0 as an internal standard which was also used to adjust for recovery percentage.
Statistical Analysis
Statistical analyses were performed using R Project for Statistical Computing (version 2.12.1). Similar to Turk and Smith (2009) , fatty acid composition was analyzed using ANOVA, with diet (GS or GN) and fat depot (BF, IMF, KPH, or TF) as fixed effects and final body weight (BW) as a covariate. Interaction between diet and depot was tested and if significant (P < 0.05) was included in the model. Percentages of each fatty acid were analyzed using the following model:
where Y ij is the percentage of each fatty acid, μ is the overall mean, α i is the effect of diet (i=1 (GN),2(GS)), β j is the effect of fat depot (j=1 (BF), 2 (IMF), 3 (KPH), 4(TF)), α i β j is the interaction between diets and fat depot and ε ij are residuals which followed a normal distribution N(0,σ 2 ).
Results and Discussion

Performance
In the beginning of this experiment, there were no differences between GS or GN steers. As shown in Table 2 , steers began the study at similar initial BW and initial ultrasound measurements: LM area, rump fat (RF) and BF. GN steers gained weight faster than GS steers and therefore required fewer days on feed (168 vs. 303 d, respectively, P < 0.001). GN steers were also heavier at the end of the study, with a final BW of 641 vs. 615 kg (P < 0.001). There is considerable variability in ultrasound measurements (Houghton & Turlington, 1992) . Due to the difficulty in obtaining consistent intramuscular fat percentage measurements, some steers were fatter at slaughter. Therefore GN had a significantly greater IMF, BF and RF content than GS at harvest.
Evaluation of carcass composition was performed using dissection of the 9-11 th rib (Hankins and Howe, 1946) . Carcasses from GS steers were composed of 60.7% muscle, 21.2% fat and 15.4% bone and GN carcasses were composed of 56.4% muscle, 25.5% fat and 14.0% bone. Therefore, carcasses from GS had relatively more muscle and less fat (P < 0.001) compared to GN steers. Fatty acid percentages by diet and fat depot are listed in Table 3 . Fat depots from GS contained higher percentages of saturated fatty acids (SFA) such as C6:0 (P = 0.008), C11:0 (P = 0.03), C12:0 (P = 0.003), C14:0 (P = 0.001), C16:0 (P = 0.002), C20:0 (P < 0.001) and C24:0 (P < 0.001) than GN steers. But GN steers fat depots had higher percentages of C18:0 (P < 0.001). There was no difference in percentage of C10:0 (P = 0.400), C22:0 and total SFA (P = 0.11) between GN and GS carcasses. These findings are in agreement with those of Leheska et al. (2008) who compared fatty acid composition of ground beef and strip steaks of grass fed and conventionally fed beef. They concluded that SFA, such as C8:0, C10:0, C12:0, C14:0, C15:0, C16:0, C17:0, C18:0 and C20:0 content of grass fed was greater than that of conventionally fed steers. French et al. (2000) also evaluated the effects of feeding grass, grass silage and concentrate on the fatty acid composition of IMF of 50 steers and concluded that decreasing concentrates and increasing grass in the diets resulted in a decrease in the percentage of SFA in KPH fat. Turk and Smith (2009) postulated that higher percentages of SFA were found in the flank compared to the other fat depots due to greater accumulation of C18:0 fatty acids and low activity of ∆ 9 desaturase enzyme. Data from the current study also shows that greater percentages of SFA in GS steers resulted primarily from the greater concentration of stearic acid (C18:0), C14:0 and C16:0. Among the SFA, C14:0 and C16:0 have been shown to have the greatest impact on raising serum cholesterol levels (Ahrens et al., 1957; Keys et al., 1965) . Thus, both diet and depot impact SFA composition of fat depots.
Changes in Saturated Fatty Acids (SFA)
Changes in Unsaturated Fatty Acids (USFA)
The percentage of C14:1 in the adipose tissue of GS steers was higher than that in GN steers (P = 0.016). But percentages of C16:1, C18:1, C20:1 cis5, C20:1 cis11, C20:2, C22:1, C22:2 and C24:1 did not differ for steers finished on GN or GS. GN steers had higher percentages of total unsaturated fatty acids (P = 0.418) when compared with GS steers. However, GS steers had higher percentages of C18:2 cis9 cis12 (P < 0.001). Fat from GN steers has been consistently shown to produce higher concentrations of total mono-unsaturated fatty acids (MUFA) compared to GS steers, especially C18:1cis9 but a lower content of n-3 fatty acids, C18:2 n-6 fatty acids and trans-vaccenic acid (Leheska et al., 2008) . French et al. (2000) also confirmed that the concentration of polyunsaturated fatty acids (PUFA) was higher for steers fed concentrates. Similar results were found in the present study; GS steers exhibited lower percentages of MUFA compared with GN steers (P = 0.002). MUFA have been correlated with positive health benefits such as control of diabetes and an increase in insulin sensitivity (Groff & Groper, 1999) and usually comprise half of the beef fat. In this study, the highest concentration of MUFA was oleic acid (C18:1n-9) and oleic acid was greater in GN steers. MUFA percentages were not different between GN and GS steers (P = 0.160). The percentages of C18:1 trans9 (P=0.004), C18:2 cis9 cis12 (P < 0.001), C18:2 trans9 trans12 (P < 0.001) and C18:3 (P = 0.008) were higher for GS than GN steers.
Fatty acid composition is affected by diet. Higher percentages of C18:2 cis9 cis12 is present in fat from cattle finished on grain diets (Daley et al., 2010) . In this study, GS steers produced fat with higher percentages of C18:2 cis9 cis12 which is directly associated with the fatty acid composition of the ryegrass (Lolium multiflorum) and white clover (Trifolium repens) grazed during the experimental period. Elgersma, 2003 also found that the fatty acid composition of forages (fresh and ensiled ryegrass) impacted the percentage of C18:2 cis9 cis12 which was 10.2% of the total fatty acid of fresh ryegrass. Dalmannsdóttir et al. (2001) analyzed the fatty acid composition of white clover in relation to frosting tolerance and concluded that white clover in temperate climate conditions (no ice or frost) had 5.25 mg/g DM of C18:2 cis9 cis12 in September of that year and 3.31 mg/g dry matter in January of the same year. In this study, GS steers grazing a mixed pasture composed by ryegrass and white clover also had fat depots with higher percentages of C18:2 cis9 cis12 compared to GN.
Changes in Trans Fatty Acids
Naturally occurring trans fatty acids are found in meat and milk from ruminant animals. However, ruminant products with trans fatty acids do not show the same properties as manufactured products with trans fatty acids. Manufactured trans-fat products have been correlated with increase in risk of heart disease (Lopez-Garcia et al., 2005) . Trans isomers of C18:1 are used as substrates for de novo synthesis of C18:2 n-6 fatty, an omega-6 fatty acid. In this study, the highest percentage of trans fat in GS consisted of C18:1 t9. Greater percentages of C18:2 c9 c12 and C18:2 t9 t12 were found in GS when compared to GN steers. Also, C18:2 n-6 content was 1.6 times greater for the GS group compared to GN. This result is in agreement with French et al. (2000) and Noci et al. (2005) who observed that regardless the fat depot, content of C18:2 n-6 of GS was approximately 2 times greater than GN fat content.
The typical American diet, with low fish intake and high margarine and vegetable oil intake, leads to a higher n-6 to n-3 ratio (i.e. 11 to 30 times more n-6 fatty acids than n-3 fatty acids). The higher intake of n-6 to n-3 has been suggested to be a major contributor to rising rates of cardiovascular disease, elevated cholesterol levels and increased inflammatory disorders in the USA (Simopoulos, 1991; Makrides et al., 1995) . Appropriate ratios of n-6 to n-3 fatty acids may decrease risk of heart disease. Fatty acid composition can be changed with diet to assure more desirable ratios. In the present study, the ratios of n-6 to n-3 are 1.9 and 0.63 for GS and GN steers, respectively. Consumption of fat from milk and meat instead of manufactured fat, such as margarine and vegetable oils, can promote a healthier balance of the ratio n-6 and n-3 fatty acids. Beef products from cattle finished on a grass based diet can also benefit consumers due to its high concentration of omega-3 fatty acids which can decrease incidence of cardiovascular disease. In light of these beneficial properties of ruminant products, retailers can manipulate fat depots in processed beef to promote healthier beef products.
Changes in Fatty Acid Profile Due to Diet and Fat Depot
The only fatty acid that was statistically significant among fat depots by diet was C24:0 which was higher in IMF of GS (P < 0.001) and higher in KPH of GN steers (P < 0.001). In general the highest content of SFA in internal fat depots (IMF and KPH) are associated with extensive action of Δ 9 desaturase enzymes in internal fat depots compared to outer fat depots for medium and long chain fatty acids (Turk & Smith, 2009 ). Hansen et al. (1952) and Sink et al. (1964) reported percentages of odd-chain and branched chain fatty acids among fat depots were very low. Our results agree and so were excluded from the total fatty acid analysis. However, C11:0 was higher in GS than GN steers. The sum of the other odd-chain fatty acids comprised only 2.0% of the total fat sample.
Changes in Fatty Acid Profile Due to Depot
Changes in Fatty Acid Composition between Inner Fat Depots (IMF and KPH) and Outer Fat Depots (BF and TF)
For inner fat depots, IMF of GN had higher percentages of C18:0 (P = 0.015) and C24:0 (P < 0.001) compared to GS steers. The percentages of C11:0, C14:1, C18:2 cis9 cis12 and C20:0 in KPH fat depots were greater for GS steers than for GN steers (P = 0.029, P = 0.016, P < 0.001 and P < 0.001, respectively). However, the percentage of C18:0 was significantly greater for GN steers (P < 0.001) in KPH. Ostrander & Dugan (1962) compared fatty acid composition of BF, KPH and IMF and concluded that KPH contained a greater percentage of C18:0. In addition percentages of C18:1 were lower in KPH and IMF compared to BF and TF (P < 0.050). These results are similar to the current study in which the greatest content of C18:0 was also associated with double bond saturation of C18:1 by Δ 9 desaturase enzyme present in KPH and IMF fat depots (Turk & Smith, 2009 ). Waldman et al. (1968) compared fatty acid composition of 22 Angus steers and 18 Angus heifers on the same diet at a weight of 386, 420 or 454 kg and concluded that IMF exhibited more SFA than BF, primarily due to replacement of oleic acid (C18:1) by stearic acid (C18:0) and to a decrease in the levels of palmitoleic acid (C16:1) in KPH fat depots.
BF and TF depots were not different in percentage of SFA compared to KPH and IMF depots (P=0.226). There was not a difference in percent palmitoleic acid in KPH and IMF depots compared to BF and TF depots which implied there was no difference in SFA between fat depots (P=0.083).
Comparison between GN and GS steers revealed that when all four fat depots, BF, IMF, KPH and TF were combined, percentages of C18:0 were higher for GN. GS steers had higher percentages of C18:2 cis9 cis12, C18:3 and C20:0 regardless of fat depot. Higher percentages of C18:2 cis9 cis12, C18:3 and C20:0 is associated with high rates of desaturation and higher percentages of C18:2 in ryegrass (Lolium multiflorum) and white clover (Trifolium repens). Therefore finishing beef cattle on grass produced carcasses with higher percentages of SFA and C18:2 n-6 compared to GN steers. Fatty acid profiles were different among fat depots; KPH had a higher content of C18:0 and lower content of C18:1 compared to the other fat depots. In ruminants, fatty acid deposition follows a non-simultaneous pattern being first deposited into visceral fat (KPH), followed by deposition into subcutaneous and IMF. In this study, percentage of total SFA was lower in adipose of GN than GS steers and fat depot sites of GN steers had higher concentrations of MUFA than GS. Also, higher concentrations of PUFA were found in GN steers than GS steers. Regardless of fat depot, GN steers showed higher percentages of MUFA, lower percentages of SFA and higher percentages of C18:0. GS steers showed higher percentages of C18:3 and C18:2 cis9 cis12, an important fatty acid that has beneficial health effects including lowering cholesterol levels and reducing the risk of heart disease.
Conclusions
This study demonstrates that fatty acid composition differs among diets and fat depots. The pattern of distribution of fatty acids are not static confirming that GS beef is potentially healthier than beef from GN steers and could be adapted to modify the fatty acid composition of processed beef products by mixing fat from GS with lean from GN. Therefore fatty acid composition can be affected by both depots and diet.
